A large quantity of eggs from one or several urchins was obtained in the customary manner (Shapiro, 1935 a) . The eggs were made up in concentrated suspensions (see
I. INTRODUCTION
Echinochrome, the red coloring matter found in sea urchin eggs, is not uniformly dissolved in the cytoplasm, but is distributed in the form of granules, and may be associated in these formed elements with other cellular components. It may exist, intracellularly at least, as a chromoprotein.
That the echinochrome is not in solution in the unfertilized egg cell, but exists practically entirely in the form of these discrete particles, is evident through microscopic examination and from centrifuging experiments. Under the influence of centrifugal force, the echinochrome granules can be concentrated at one end of the cell where they are easily visible, and with still higher centrifugal force the colored part of the cell can be separated from the renminder (Harvey, 1941; Shapiro, a, 1939 . Tyler (1939) has made a survey of some of the chemical and physiological studies on this substance.
If the peristomial membrane of an urchin, whether male or female, be punctured with the point of scissors, and the coelomic (perivisceral) fluid poured into a vial, it is observed to have a deep reddish coloration. Examined microscopically, this is found to be a concentrated suspension of eleocytes, which also contain the echinochrome. In eggs freshly taken from the urchin together with coelomic fluid, the coloring of the supernatant fluid is due to the presence of these coelomic amebocytes. However, in some cases after the eggs have been allowed to settle out of the colored supernatant fluid, the eleocytes are nevertheless found there in but low concentration. It is to be presumed then that the echinochrome has diffused out of the elaeocytes, or that part of the color may be due to the contact of the coelomic fluid with the test. It was very likely with such a preparation that Glaser (1921) was dealing in his description of secretions from the unfertilized egg. MacMunn (1885) observed the clotting of eleocytes from the periviscel~l fluid of Strongyloc~trotus li~us. Tables I to IV) in filtered sea water, and a 50 ml. sample poured gently into a 250 ml. Erlenmeyer flask previously equilibrated in a constant temperature water bath at 25.6°C. The cells soon settled to the bottom of the flask and thus lay beneath a shallow layer of sea water. Fertilized eggs were obtained by adding sperm to the suspension, allowing the eggs to settle, pouring off the supernatant, then washing with sea water, and again removing the supernatant after brief light centrifuging of duration sufficient only to throw the cells down. The washed fertilized eggs were introduced into the flask at constant temperature within about a half hour, on the average, after removing the eggs from the urchin. Eggs were selected for experiments only when a test fertilization with freshly suspended sperm showed a high percentage of membranes (usually 99 to 100 per cent). To insure an adequate oxygen supply, oxygen was first moistened by being bubbled through sea water at the temperature of the water bath, and then passed slowly and continuously over the surface of the shallow layer of sea water suspension (not bubbled through, as this might 20,53,87,139 39,150,204 31,81,203,347 30,64,111,288 34,81,174,251 54,96,160,237 62,170 lead to cytolysis). The flasks containing the eggs were kept throughout the experiment at constant temperature, and opened at regular intervals after a slight agitation to completely resuspend the cells, and a sample slowly pipetted out and placed in a centrifuge tube. A standard force and centrifuge time were adopted, and observations were made of the coloring of the supernatant fluid. No attempt was made to compare quantitatively the colorations in the different experiments. Cell counts were made by a modification of the dilution method previously described (Shapiro, 1935 b) . Each time a sample of cells was withdrawn for centrifuging, a microscopic examination was made to determine the cytological condition of the cells and, in the case of fertilized eggs, the amount of cleavage. A clean dry pipette was used for each sample.
When unfertilized eggs are thus left in normal sea water for periods as long as 5 hours, as Table I indicates, usually very little cytolysis ensues, and the eggs at the conclusion of the run are fertilizable and undergo normal develop-ment. The supernatant fluid remained clear in all the experiments listed, showing the retention of echinochrome by eggs in the unfertilized state over this period of time. That is, no coloration was observable on viewing through a column of fluid 15 rnrn. in diameter. This is a sensitive test, as the eye can detect very dilute concentrations of dyes in solution in such an arrangement. In only one experiment (not included in the table) was any tinting of the supernatant noted for unfertilized eggs in oxygen, and there, in addition to cytolysis, a large amount of cellular debris was suspended as a fine sediment in the supematant. It appears clear then that normally, unfertilized oxygenated eggs do not release their pigment into the sea water, even though they be left standing for hours.
This retention of pigment by unfertilized eggs does not occur, however, when the cells are made anaerobic by exchanging the oxygen stream for one of nitrogen. The eggs will then part with some of their echinochrome, though it may be at a slow rate and in relatively small quantities. Accordingly, unfertilized eggs left long enough under conditions approximating anerobiosis (e.g., crowded in covered vessels with inadequate oxygen supply) may be expected to lose some echinochrome. Unfertilized cells under anerobic conditions may glycolyze, producing acid, thus tending to be in a state similar to that of the fertilized Paracentrotus egg which according to Runnstr~m (1933) forms acid after both aerobic and anaerobic fertilization. Perlzweig and Barton (1928) observed lactic acid production both in unfertilized and fertilized eggs of Arbacia punctulata. In the urchin ParacentroCus lividus, Rapkine's (1931) measurements revealed a minimum of lactic acid production shortly after fertilization, a marked increase about the 40th minute, and a maximum about the 50th minute (i.e., 10 to 15 minutes before cleavage).
This acid production may be one of the conditions favorable for the release of echinochrome, and its increasing concentration in the sea water during the first cleavage cycle would then accord with the data given in the ensuing paragraph.
Diffusion of Echinochrome from Fertilized eggs
Turning now to the fertilized eggs (Table II) we find that activation in all cases resulted in a release of echinochrome by the fertilized egg. This release continues over a period of time, for in successive samples the depth of the color will frequently show a progressive increase. The pigment release begins during the mitotic events leading to first cleavage, for eggs examined before any divisions have set in will show echinochrome in the supernatant fluid. Whether this begins immediately upon insemination is not known, as the initial observations were made some time later, but it appears likely that it does. McClendon (1912) observed the migration of the echinochrome granules to the surface within half an hour after fertilization, and their accumulation in the cleavage furrows during cleavage. And according to Rapkine the lactic acid production increases during the course of the first mitotic division.
The large effiux of echinochrome observed in the case of fertilized eggs cannot be due to cytolysis, as a check was maintained on this factor in all the experiments. For the most part, the amount of cytolysis in the various experiments was very small, and the final microscopic examination of the eggs at the end of the experiment revealed an average of from 1 to 5 per cent cytolysis in the unfertilized eggs. The fertilized eggs suffered even less change, and underwent only 1 per cent cytolysis on the average. In the case of one sample of unfertilized eggs in which a relatively large amount of cytolysis had occurred there was practically no observable tint in the supernatant fluid; and conversely, in batches of fertilized eggs with practically no cytolysis, a marked tint was present in the sea water. The diffusivity of echinochrome through the cell membrane before and after fertilization has not been investigated quantitatively. However, the phenomenon under discussion is not simply analogous to the marked change in water permeability which occurs on fertilization (Lillie, 1916; and others) for it involves also a change in the cell interior which brings about a dissolution of echinochrome from the granules to which it is bound.
Certain lots of eggs tend to disintegrate much more readily during the experiment than others. The cellular remains were apparent as a fine silt in the supernatant fluid, after brief centrifuging, evidently more difficult to throw down. The greater tendency of these eggs to disintegrate was due probably to their age and nutritional state, as they were taken from urchins which had been in the aquarium about 4 weeks, without food supply.
A Physical Analogue of the Phenomenon
To illustrate the concept developed above, it is instructive to utilize the analogy of the charge and discharge of a condenser (Fig. 1) . The condenser C represents the echinochrome containing granules, Rt the cytoplasm, R2 the cell membrane, and the battery E the chemical embryological processes leading to synthesis of echinochrome and its concentration within the granules. During cell growth and maturation, the switch S is in position 2, and remains there, even when the eggs are liberated into the sea water. All the echinochrome has been accumulated in the granules. On fertilization (or the institution of anaerobiosis), indicated by the arrow under the graph, the switch is thrown by chemical events over to position 1. The charge (of echinochrome) accumulated in the condenser (granules containing echinochrome-protein complex) is The analogies in equation (1) a~e that i (current) represents rate of flow of echinochrome out of the cell, q0 (charge) the amount of echinochrome accumulated in the granules, which are the condenser C; and t represents time.
The Effect of Changes in the Chemical Content of the Sea Water
Following these results, observations were made on the influence of altered environment. It is known that such an alteration will affect the permeability of the cell (e.g., to water), and may also affect the ionic constitution of the cell interior. Solutions used were those listed elsewhere (Shapiro, 1941) Add 88 ml. 0.53 xt KC1 to 1153 ml. natural sea water (faltered from aqtmrium tap). pH 7.86, 25.2°C. IV. Artificial sea water, 4 X calcium (4 Ca): NaC1 0.52 M 1000 ml. KC1 0.53 ~ 22 ml. MgC12 0.29 M 33 ml. MgSO4 0.52 M 38 ml. CaC12 0.34 xt 60 ml. 0.12 ml. N/1 NaOtt added to 1000 ml. pH 6.96, 27°C. A = --1. 764°C. 0.22 ml. N/1 NaOH added to 1000 ml. pH 7.27, 25.2°C.
Unfertilized eggs in artificial sea water with excess potassium (Table III) retained their echinochrome. One run with eggs in excess calcium solution showed practically no tinctorial effect on the supernatant. Other substances, however, are known to induce the liberation of the pigment. As McClendon (1909) and E. N. Harvey (1910) have shown, sufficiently concentrated parthenogenetic reagents cause the echinochrome to diffuse out of the cell. It is interesting, then, to note that this particular effect of a parthenogentic agent is similar to that brought about by the normal process of fertilization.
The yellow pigment in the cells of the larva of Arenicola cristata was shown by LiUie (1909) to be released, and the embrxos caused to contract strongly, when placed in isotonic solutions of NaC1, KCI, and other substances. This was taken by Lillie as evidence of the general increase in permeability induced by these salts.
In the case of the fertilized eggs in modified sea waters (Table IV) , the escape of echinochrome occurred in all of the experiments, and here again, the initiation of the pigment release occurred during the first cleavage. The pH of the excess calcium solutions was 6.96 and 7.27 that of the excess potassium, 7.86 and 8.72. It is evident from this that the altered ionic environments were unable to prevent the intmcellular change occurring after fertilization, which leads to the diffusion of echinochrome out of the cell.
It is of interest to compare these results with the passage of another cellular constituent, potassium, across the cell membrane. In both fertilized and unfertilized states, potassium (as determined by microchemical analysis) diffuses out of the eggs in normal sea water environment (Shapiro and Davson, 1941) . When placed in sea water containing five times the normal amount of KC1, potassium diffused into both fertilized and unfertilized eggs, against a gradient (the concentration of K inside the cell is twenty times as great as in the sea water), i.e. in the fertilized eggs, at the same time K was entering the cell, echinochrome was diffusing out. In fertilized eggs in normal sea water, both K and echinochrome diffused out of the cell. Apart from the diffusivity of echinochrome itself, there is the problem, perhaps related to the intracellular Supematant tinted acid concentration, of how echinochrome is liberated from its granular combination within the cell. The pigment diffusing from the fertilized eggs requires further investigation as to its chemical nature whether it is echinochrome, or some echinochrome complex. The developmental significance of the extmcellularly released echinochrome has still to be elucidated. 1 Tyler (1939) and Cornman (1941) have found it to have no sperm-activating effect.
1 After this manuscript had been completed, my attention was drawn to a note by Lyon and Shackell (Lyon, E. P., and Shackell, L. P., On the increased permeability of sea urchin eggs following fertilization, Science, 1910, 32, 249) containing a reference to ECHINOCHROME RELEASE SUMMARY A study was made of the diffusion of the red pigment echinochrome from the eggs of the sea urchin, Arba~ia punau~ta, into sea water.
Unfertilized eggs retained their pigment, over pcriods of hours. Outward diffusion of pigment from unfertilized eggs normally is entirely negligible, or does not occur at all. Enchancing the calcium or potassium content of the artificial sea water (while retaining isosmotic conditions) did not induce pigment release.
Under anaerobic conditions, unfertilized eggs release pigment in small quantities.
Fertilization alone brings about echinochrome release. Fertilized eggs invariably released pigment, whether in normal sea water, or sea water with increased calcium or potassium. This diffusion of the pigment began during the first cleavage, possibly soon after fertilization.
The pigment release is not a consequence solely of the cell's permeability to echinochrome (or chromoprotein, or other pigment combination) but is preceded by events leading to a release of echlnochrome from the granules in which it is concentrated Within the cell. These events may be initiated by activation or by anaerobiosis.
The phenomenon was not due to cytolysis.
the observation that echinochrome was released, and the inference that this was due to a permeability increase. The latter statement requires experimental substantiation, and in the body of the present paper it is indicated that the primary effect is probably a chemical action on the granules. That the release of echinochrome on fertilization has not been a generally understood and accepted fact is indicated by the contents of at least one much later paper (Physiol. Zool., 1940, 13, 212) which misses the point that fertilization by itself brings about pigment release from the intact living cell.
